Two children with unobstructed total anomalous pulmonary venous drainage and hyperkinetic pulmonary hypertension deteriorated with pulmonary oedema and cerebral symptoms following angiocardiography using large amounts of contrast medium. One patient died. The dangers of this with resultant hypernatraemia are discussed.
Hypernatraemia-special problems with angiocardiography in total anomalous pulmonary venous drainage Jane Somerville From Institute of Cardiology and National Heart Hospital, London W. I Two children with unobstructed total anomalous pulmonary venous drainage and hyperkinetic pulmonary hypertension deteriorated with pulmonary oedema and cerebral symptoms following angiocardiography using large amounts of contrast medium. One patient died. The dangers of this with resultant hypernatraemia are discussed.
Radiopaque medium such as Conray 420 used for angiocardiography contains approximately sodium i mEq/ml. In some forms of complex congenital heart disease, particularly those with a high pulmonary blood flow, large volumes of contrast medium must be injected if the anatomy is to be clearly shown on the angiocardiogram. When this is done, not only a quantity of sodium but also a hyperosmotic solution is added to an already overloaded circulation often associated with a failing heart even before the procedure is begun. This inevitably worsens the patient's condition, and unless the forward systemic flow and adequate renal perfusion is maintained there may be difficulties in getting rid of the sodium from the body.
Special circulatory problems are present in total anomalous pulmonary venous drainage, which may make the condition prone to serious complications after enthusiastic angiocardiography. The following two cases are reported to illustrate the dangers of obtaining a perfect display of the exact anatomy and in the hope of preventing these problems in the future.
Case Reports Case I A 2-year-old boy, the product of a third normal pregnancy, was always slow to gain weight and fed with difficulty. From the age of 2 months he had recurrent respiratory infections, and congestive heart failure was documented at the age of 3 months and i year, recurring frequently over the following year. and was in gross cardiac failure. The chest radiograph before investigation is shown (Fig. i) , and the results of cardiac catheterization are summarized in the Table. General anaesthesia was given, the catheter was positioned in the common pulmonary vein, and 25 ml. Conray 420 was injected. The catheter was repositioned in what was thought to be the left ventricle but which was subsequently shown to be the right ventricle, and 20 ml. Conray 420 was given. A total of 52 ml. Conray 420 was given which included several test doses. The appearance of the lung fields on the screen suggested pulmonary oedema after the injection and 3 mg. frusemide was given intravenously.
Unfortunately, the child was extubated before consciousness was properly regained. He did not cry, breathing was irregular and gasping, and he became collapsed and cyanosed. He was reintubated and hand ventilated in the ward, which resulted in some improvement in his circulatory state but he was incontinent with widely dilated pupils. He passed some concentrated urine which was not measured. A chest radiograph confirmed pulmonary oedema and he was placed on a Bird ventilator and transferred to the recovery ward. At this stage, about an hour after the catheter procedure, it was decided that he was dehydrated was caused by the diuretic as there had not been a profound diuresis. The packed cell volume was 40, blood urea 55 mg., and serum K 4-4 mEq/l. It was decided that a sodium diuresis was necessary but that fluid was also needed to produce it in view of the tissue dehydration. 80 ml. 5 per cent dextrose was given hourly and a further 2-5 mg. frusemide given after i hour. Urine was passed, and 3 hours later the pupils were smaller and reacting to light but he developed generalized twitching assumed to be epilepsy. The temperature was 39-80C. and he was curarized and given I5 mg. phenytoin sodium 6 hourly. The urine output appeared to be good and the serum sodium had fallen to I36 mEq/l. The blood gases showed P02 75 mm. and plasma bicarbonate 20 mEq. The fluid intake was reduced to 6o ml./hour of one-fifth dextrose/saline after 6 hours. By the following morning he was conscious, responding to his name, and reacting to pain, but there was still oedema in the lungs (Fig. I ). Twenty-four hours after the collapse, his serum K was 2-6 and he was still having fits, starting at this time in the right side and later involving the left side of the body. Tube feeds with 25 ml. half-strength milk and dextrose were started hourly and potassium was replaced intravenously. On the second day attempts were made to take him off the ventilator but he became restless with irregular respiration. He could not be safely extubated until later that day, 48 hours after the catheter. The pulmonary oedema had cleared on the chest radiograph. He remained in gross cardiac failure. Two weeks later anastomosis of the common pulmonary vein to the left atrium was performed successfully by Mr. Keith Ross. No fits have reoccurred and he now appears to be of normal intelligence and to have no neurological impairment.
Case 2 A 14-month-old boy was referred to
The Hospital for Sick Children, Great Ormond Street, for surgical treatment for total anomalous pulmonary venous drainage into the left innominate vein. He was in gross cardiac failure on arrival from Spain. Chest radiograph showed the typical 'cottage loaf' heart shadow ( Fig. 2) , and the diagnosis was in little doubt. Before surgical treatment could be undertaken, it was required that the exact anatomy of the pulmonary vein anatomy be displayed and the presence of a persistent duct or other anomalies be excluded with certainty. When first seen the child was ill and breathless, weighing 6-8 kg. He was transferred the following day to the National Heart Hospital for investigation, as the generator in The Sick Children's Hospital catheter room was being changed. He had deteriorated since the previous day and was more breathless and ashen, with a respiratory rate of 5o-60/min. He was given o-8 ml. Peth. Co. as premedication and catheterized from the right saphenous vein after a fine Teflon tube had been put into the femoral artery for monitoring systemic arterial pressure. The results of catheterization are shown in the Table. After routine right heart catheterization, a general anaesthetic was given, and the child was intubated. The catheter was passed to the common pulmonary vein where the pressure was 25/I6 mm. Hg and 20 ml. Conray 42o was injected under pressure for biplane elema angiocardiography. As a specific request had been made that the anatomy of the left lower pulmonary veins be shown, a hand injection of 8 ml. medium was given at this site and a cine-angiocardiogram was recorded, which confirmed that these veins drained into the common trunk. The pulmonary venous pressure rose to 32/20 mm. Hg after these procedures and the appearance of the lung fields on screening suggested that pulmonary oedema was added to plethora. In view of the request to exclude a persistent duct, the procedure was continued in spite of the deterioration. The catheter was changed as the small atrial septal defect could not be crossed with the first one. Several small test doses amounting to a total of I0 ml. Conray 280 were used before the catheter was safely positioned in the left (a) solution and could be responsible for further increasing plasma osmolarity. Unfortunately, no measurements of this were made in Case i but it was increased when measured later in Case 2. Plasma hyperosmolarity and hypernatraemia would combine in effect to draw out fluid from the brain and other tissues and could lead to cerebral shrinking in the presence of pulmonary oedema. Disturbance of the respiratory centre in such circumstances would inevitably lead to loss of control and maintenance of adequate respiration in the presence of pulmonary oedema and losing control of ventilation by extubation is wrong, as shown in both patients. As it may be difficult to predict if these events are likely to occur after an investigation in this type of case, particular care should be taken before the anaesthetist removes the endotracheal tube and supportive ventilation to ensure that there is no pulmonary oedema or hypernatraemia. After these two experiences, the author believes that positive pressurc ventilation should be continued in such a patient until the child is fully conscious and has no evidence of radiological pulmonary oedema or profound fall in cardiac output. The hypoxia associated with pulmonary oedema worsens with uncontrolled ventilation and rapidly causes further deterioration in the poor haemodynamic state.
Having maintained control of ventilation, the main problem is to get rid of the sodium and redistribute fluid in the body. In small children whose fluid intake may have been restricted before catheterization and whose fluid volumes are small, diuretics alone may contribute to the dehydration and not be effective in removing sodium. Thus, it is believed that fluid must be given as well as a diuretic so it can act as a vehicle for sodium excretion and help to restore normal osmolarity. This procedure worked well in Case i but only minute volumes of fluid were given to Case 2, and it is likely that there was no sodium diuresis which might have accounted for the continued cerebral deterioration. Generalized fits and changing neurological signs are known effects of hypernatraemia and rapidly changing cerebral cellular chemis- I955; Finberg, Luttrell, and Redd, 1957 ) may have caused the brain damage, but unfortunately permission for necropsy was refused.
The frequency of these serious problems after angiocardiography is difficult to assess as there is an understandable reluctance to report this type of disaster. Only one other patient with total anomalous pulmonary venous drainage was investigated in the National Heart Hospital during this 2-year period and there were no complications, but less contrast medium was given in an older patient and poorer quality pictures were obtained. It is accepted that excessive doses of contrast medium were given in these patients, but this was necessary to display the anatomy for surgical needs. In the writer's experience, pulmonary oedema has been seen after giving large injections of dye in such diseases as mitral valve disease complicating large septal defects and other lesions with hyperkinetic pulmonary hypertension as well as in simple left-sided obstructive lesions. In simple obstructive lesions the problem differs because less dye per kg. body weight is needed and the problem is mainly a mechanical one. Indeed any complex heart disease such as transposition of the great arteries or other combinations of abnormalities may require large doses of contrast medium to display the anatomy adequately, and a raised plasma sodium and serious dehydration may be found after investigation, particularly in infants. It is possible that some of the effects of giving a lot of contrast medium may be related to giving a hyperosmotic solution and not all due to hypernatraemia but this requires further investigation, particularly if a lot of test doses of Conray 280 are used as this does not contain sodium but is hyperosmotic. The basic haemodynamics of total anomalous pulmonary venous drainage would particularly encourage the syndrome described here and large quantities of contrast medium would usually be required for clear definition of the anatomy.
In view of the obvious hazard of 'perfect' investigation in this type of patient, which is possibly higher than has been thought, the justification for taking this risk must be questioned. It is accepted that these patients are always ill with a poor prognosis when they present, and that the surgical problems and risks are increased if the pre-operative diagnosis is incomplete. In spite of this there is clearly a risk from using large amounts of contrast medium which may be needed in the presence of torrential pulmonary blood flow. When a 'cottage loaf' is obvious on the chest radiograph and right heart catheterization confirms the diagnosis, it is probably better not to display the anatomical diagnosis perfectly and not risk these hazards. The complete diagnosis can be made at operation with less risk, but it is accepted that complications and risks of operation may be greater with incomplete diagnosis. Thus the decision to accept inadequate data in a patient for operation may be difficult. In the author's opinion it would have been better to have done less angiocardiography in both these patients. The tragedy of any patient with a surgically correctable lesion who dies as the result of pre-operative investigation is obvious. Injection of over 2 ml./kg. of the most refined contrast medium must carry special risks which may be particular in total anomalous pulmonary venous drainage but also present with other lesions. 
